Introduction
The primary vectors of Borrelia burgdorferi sensu lato spirochetes (B. burgdorferi s.l.) in Europe are larvae, nymphs and adult ticks Ixodes ricinus and Dermacentor reticulatus [1] feeding, depending on their developmental phase, mainly on various wildlife vertebrates [2] . The research did not show the relationship between B. burgdorferi s.l. and specific reservoir species [1] . The spirochetes are usually found in vertebrate organisms such as: small mammals (mice, goats, rabbits, rats, hamsters, rabbits, hedgehogs, squirrels, dormice, garden dormice), game (roe deer, deer, fallow deer), birds (blackbirds, trushes, guillemots, gulls, auks, wrens, pheasants, cormorants) as well as reptiles (lizards). Man is an incidental host for an infected nymph or adult tick [1, 3, 4, 5] .
The border area of Eastern Poland and Western Ukraine is similar in its natural surroundings. The area is characterised by mixed forests with rich lining, which provides a favourable habitat for ticks. The spread of infected ticks B. burgdorferi s.l. ranges from 6% -15% in Poland and affects both rural and urban areas [1] . In western Ukraine, B. burgdorferi s.l spirochetes were identified in 14.2% -17.2% of the adult ticks Ixodes scapularis [6, 7] . Other authors suggest that the incidence of tick infections may be as high as 25% [8] . The Ternopil region, located in the western part of Ukraine, is an endemic area of Lyme disease. Habitats of the tick Ixodes ricinus were found in 57 settlements of the 15 districts in the vicinity of Ternopil [9] .
Forestry workers, loggers and hunters working in these forest areas are prone to frequent tick bites and therefore ticks diseases, including Lyme borreliosis [10] . When that happens, the illness can significantly hinder or even prevent professional activity of the infected persons. Bacteria induce the degradation of extracellular matrix (ECM), activate enzymes (elastase, laminase), merge with fibronectin, integrins, proteoglycans (decorin), which as a result enables their survival in extracellular structures and generates diverse clinical manifestations of infection [11] .
The study aimed to analyse the prevalence of antibodies for specific Borrelia burgdorferi antigens in hunters from the area of Lublin Province (Poland) and forestry workers from the vicinity of Ternopil (Ukraine). Because of their professional activity and hobbies, these persons are particularly prone to be bitten by ticks. The Polish hunters and the Ukrainian forestry workers (in contrast to the Polish foresters) are not covered by regular preventive and diagnostic measures that show be taken due to their exposure to B. burgdorferi.
Material and methods

Study group
The study group included: − 240 hunters, members of the hunting clubs in Lublin Province (Poland), aged 23-80 (mean 52, SD 11.6), including 212 men (88.3%) and 28 women (11.7%); − 339 forest workers employed in the 5 forest districts subordinated to the Ternopil Regional Administration of Forestry and Hunting: Berezhany (56), Ternopil (64), Chortkiv (65), Buchach (61), Kremenets (93) in the Ternopil region. The tested persons were aged 18-76 (mean 42, SD 11.2), including 337 men (99.4%) and 2 women (0.6%). The blood samples were taken between 2014 and 2015.
Serological tests
In all persons, anti-B. burgdorferi IgM/IgG antibodies were marked using the ELISA test (anti-Borrelia ELISA IgM; anti-Borrelia plus VlsE ELISA IgG, Euroimmun, Germany) as the screening assay. The results obtained are interpreted following the manufacturer's instructions. The results above 22 relative units/ml (RU/ml) were interpreted as positive, below 16 RU/ml as negative, and those between 16 -22 RU/ml as borderline.
The positive and borderline results obtained by the ELISA test were confirmed by Western blot (Wb) (anti-Borrelia Euroline-WB IgM/IgG, Euroimmun, Germany). Test strips showed B. afzelii antigens (p83, p41, p39/ BmpA, p31/OspA, p30, p25/OspC, p21, p19, p17/DbpA) and a recombinant VlsE antigen. The test strips reading and the results interpretation were done following the manufacturer's instructions using the EuroLinescan software (Euroimmun, Germany). The results of the study were then statistically analysed using the Statistica v. 10 programme. In all examined cases, the significance level p <0.05 was assumed.
Results
Positive anti-B. burgdorferi IgM results were found in 2.1% of the hunters and 1.5% of the forestry workers. The presence of both anti-B. burgdorferi IgM/IgG was detected in 0.4% of the hunters and 3% of the forestry workers. The number of anti-B. burgdorferi IgG was significantly higher in the Polish foresters (p<0.0001) (19.2% of the hunters; 27.4% of the foresters). The detailed results are given in Table 1 .
The occurrence of positive results with regard to anti-B. burgdorferi antibodies depended significantly (p<0.02) on the area of the tested persons from Ukraine and was higher in the Berezhany district − 48.2% and the Buchach district − 47.5%. The detailed data are provided in Table 2 .
The IgM and IgG antibodies for specific B. burgdorferi antigen proteins were detected by Western blot with different frequencies. The results are presented in Table 3 .
IgG antibodies to some B. burgdorferi antigens were significantly more common in the Ukrainian forestry workers than in the Polish hunters: p21 (p<0.0004), p30 (p<0.00001), p31 (p<0.05), p39 (p<0.00008), VlsE (p<0.0002).
The patients in the Berezhany district (Ukraine) were more likely (p<0.0004) than those in the other districts to have anti-p19 B. burgdorferi IgG antibodies (10 persons, 17.9%), anti-p25 (p<0.008, 16 persons, 28.6%), anti-p39 (p<0.004, 12 persons, 21.4%), anti-VlsE (p<0.05) (18 persons, 32.1%).
In the Buchach district (Ukraine), anti-p25 B. burgdorferi IgG was encountered more often (p<0.008) in 22 persons (36.0%), anti-p39 (p<0.004) in 17 persons (27.9%), and anti-VlsE p<0.05 in 26 persons (42.6%). 
Discussion
The ticks infestation in a given area can be estimated from the prevalence of B. burgdorferi antibodies in the blood of the residents or workers in a given region [12] . In European countries, anti-B. burgdorferi IgM/ IgG antibodies were reported in forestry workers (woodcutters, foresters, hunters) with different frequencies depending on the country and geographic region: in France 14.1 − 20.2%; in Italy 5.4 − 23.2; in Germany 8 − 43%; in the Netherlands 19.3%; in Slovenia 23.8%; in Romania 9.4%; in Turkey 10.9; in Hungary 37% [13] and in Austria 7% − 42% [10] . In Poland, antibodies for specific antigens of B. burgdorferi s.l. were found in forestry workers with deferent frequencies depending on the region of the country: 32.7% (in Kujawsko-Pomorskie Province) [14] , 47.9% [15] − 55% (Lublin Province) [16] , whereas in the area of Polesie and Forest-Steppe of Ukraine 30.4 − 50.0% [17] . While forestry workers in Poland are well-monitored for the risk of B. burgdorferi infection and Lyme disease, there are no such procedures provided for this occupational group in Ukraine. There are also no uniform Lyme diagnostic recommendations. However, according to The Order of the Minister of Health of Ukraine, N133 of 19.07.1995, Lyme disease was classified into the group of particularly dangerous infections.
In the conducted two-stage studies (ELISA tests, Western blot), the anti-B. burgdorferi IgM/IgG antibodies were found in 31.9% of the forestry workers from the vicinity of Ternopil (Ukraine). The occurrence of positive anti-B. burgdorferi results depends significantly on the Ukrainian region from which the tested persons came. Higher positive results were in Berezhany district (48.2%) and Buchach district (47.5%).
The group of the Polish people who are not adequately protected against tick-borne diseases are hunters, who are mainly exposed to frequent tick-bites and the risk of Lyme borreliosis when undertaking activities related to hunting and wildlife conservation. In the conducted studies, the anti B. burgdorferi IgM/IgG were present in 21.7% of the hunters from Lublin Province (Poland). The results show that seroprevalence in this group is significantly higher than in those who are not exposed to ticks (7.1% − 12.5% of the blood donors) [13, 18] , and similar to that obtained for farmers from Lublin Province (27.3% [19] , and 28% [16] ) of those professionally exposed to Lyme disease. The obtained data indicate that these particular groups of people from both countries should be provided with meticulous care for the diagnosis and prevention of Lyme disease.
The diagnosis of Lyme borreliosis is based on three criteria: the individual's ticks bite history, clinical manifestations of the disease and serological tests (ELISA tests and Western blot) indicating the presence of the specific anti-B. burgdorferi IgM/IgG antibodies [20] . While evaluating and interpreting the results of the serological tests, both the antibody class for the specific B. burgdorferi antigenic proteins and the type of bacterial antigen for which these antibodies are produced are significant. Outer surface proteins (Osp) play an important role in the immune response to the infection because they are highly immunogenic, and anti-OspC (p25), OspA (p31), and OspB antibodies can destroy B. burgdorferi spirochetes [21] .
The EUCALB (European Union Concerted Action on Lyme Borreliosis) programme demonstrated that the following B. burgdorferi s.l. antigenic proteins: OspC and p41 for IgM and p83/100, p58, p41, p39, OspC, DbpA (p17) are useful in Western blot testing for IgG. It is essential that the diagnostic criteria take into account the immune response to the antigens of the most common strains in the area. In Europe, it is Western blot tests with B. afzelii antigens (the PKo strain) that are recommended [22] . In these tests, recombinant B. burgdorferi
